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SUSCEPTIBILITY LEVEL OF CUCUMBER
DOWNY MILDEW (PSEUDOPERONOSPORA CUBENSIS)
TO METALAXYL
ABSTRACT: Level of susceptibility of Pseudoperonospora cubensis isolate from
Ratkovo to metalaxyl in concentrations 50, 100, 200, 400 and 800 g/ml was investigated.
The trials were conducted on cotyledon and fully developed young leaves using cucumber
cultivar Haroš. Reduced level of susceptibility was detected in metalaxyl concentrations of
50, 100 and 200 g/ml because the intensity of sporulation in these treatments was on the
same level as in control. Sporulation was also observed on developed leaves treated with
metalaxyl in concentrations of 400 and 800 g/ml.
KEY WORDS: cucumber downy mildew, level of susceptibility to fungicides, meta-
laxyl
INTRODUCTION
Downy mildew, caused by Pseudoperonospora cubensis (Berk. & Curtis)
Rostovzev, is a widespread disease of greenhouse and field-grown cucumber
plants and it can lead to a significant yield loss (Y a n g et al., 2008; K o et
al., 2008). In Serbian agroecological conditions downy mildew occurs every
year in epiphytotic proportion (B a l a ÿ et al., 2006). The heaviest losses occur
regularly on pickling cucumber in postharvest production.
First symptoms of downy mildew in vegetation can be detected on older
leaves, usually during the end of June and the beginning of July. These leaves
have chlorotic spots which in a short time become necrotic. Reproductive or-
gans are being formed on the lower side of leaves. The optimal temperature
for sporulation of this parasite is around 15°C. Fruits are not directly attacked,
but due to leaf necrosis they become smaller and of poor quality.
Although differences in susceptibility to downy mildew are registered
among genotypes, the basic control measure of cucumber downy mildew is
still the use of fungicides. A large number of sprays during vegetation increase
141the risk of parasite resistance to systemic fungicides. Detection of resistance
may limit the use of fungicides to which resistance appeared, decrease the
number of treatments, and in that way it may contribute to the safe-food pro-
duction.
One of the widespread used fungicide active ingredients against downy
mildews of different cultivated plants is metalaxyl. This is a systemic fungi-
cide which inhibits protein synthesis in the pathogen cells. According to the li-
terature data, a frequent use of metalaxyl worldwide caused a resistance of
many downy mildew pathogens (D a a y f et al., 2001; M o l i n e r o - R u i z
et al., 2005; U r b a n and L e b e d a, 2006). The aim of this research is de-
tection of resistance of P. cubensis population to metalaxyl in our country.
These investigations will contribute to more effective cucumber downy mildew
control which will result in decrease of number of treatments and in produc-
tion of healthy and safe cucumber fruits for human consumption.
MATERIAL AND METHODS
Laboratory experiments for determination of sensitivity level of P. cuben-
sis to metalaxyl were conducted from July to October, 2008 at the Faculty of
Agriculture, Novi Sad, at the Department for Plant and Environmental Protec-
tion, according to the method described by U r b a n and L e b e d a (2006).
Cotyledons and fully developed young leaves of cucumber.
Preparation of inoculum for artificial inoculations
In these trials, P. cubensis isolate from Ratkovo locality was used. The
infected leaves of cultivar Haroš were collected and brought in the laboratory
in portable refrigerator. The leaves were washed and placed for incubation on
a wet filter paper in Petri dishes for 2 days. After this period, zoosporangia
which formed on leaves were shaken off in container with distilled water, and
suspension of zoospores was prepared. Total volume of suspension was 7,2 ml
and 9,6 ml for inoculation of cotyledons and fully developed leaves, respec-
tively. In both cases, concentration of suspension was measured with hemo-
cytometer, and it was set up to 105 zoospores/ml.
Preparation of plants for artificial inoculations
Cucumber seed of cultivar Haroš was used for cucumber cotyledon pro-
duction. Seeds were sown in plastic pots (volume 500 cm3) in 50 replications.
The substrate was a mixture of 3 parts of soil and 1 part of sand. 2 to 4 seeds
were sown in every pot and plants were grown in the greenhouse at tempera-
ture of 15°C during night and 25°C during day. Cotyledons were used for ino-
culations when they were approximately 3 cm in diameter. Fully developed
leaves were around 7 cm in diameter.
142Concentrations of metalaxyl
Solutions of pure, technical metalaxyl in methanol were prepared for de-
termination of P. cubensis sensitivity and tested concentrations were: 50, 100,
200, 400 and 800 g/ml.
Cotyledons and fully developed young leaves were sprayed with meta-
laxyl in noted concentrations one hour prior to artificial inoculations with P.
cubensis spore suspension.
Cucumber artificial inoculations with P. cubensis
After the treatment with metalaxyl, cotyledons, as well as fully developed
leaves were placed with adaxial side down in Petri dishes containing double
layer of wet filter paper. The trial was set up in five and four replications re-
garding cotyledons and developed leaves, respectively.
P. cubensis spore suspension was sprayed on tested leaves. After the ino-
culation, leaves were incubated in the climate chamber at temperature of 15°C
with photoperiod of 12 hours. Under these conditions, sporulation was ex-
pected after 6—10 days when the first evaluation was also performed.
Evaluation of sporulation intensity and data analysis
Sporulation intensity was evaluated on the basis of visual observation of
cotyledons under the magnifying glass at 45 X magnification. The scale for
evaluation was 0 to 4:
0 — no sporulation,
1 — sporulation on less than 25% of the leaf area,
2 — sporulation on 25—50% of the leaf area,
3 — sporulation on 50—75% of the leaf area,
4 — sporulation on over 75% of the leaf area.
Average value of sporulation intensity was calculated on the basis of spo-
rulation intensity in each replication. Data were statistically processed using
software Costat which performed Duncan's Multiple Range Test.
RESULTS
The first screening was performed 6 days after the inoculation. However,
the first signs of sporulation were detected after ten and seven days at coty-
ledons and fully developed leaves, respectively and then the evaluation of spo-
rulation intensity was performed. After this, intensity of sporulation was esti-
mated on a daily basis. Final assessment of the trial was performed after 13
and 9 days, with tests on cotyledons and fully developed leaves respectively
(Tables 1 and 2).
143Tab. 1 — Sporulation intensity of P. cubensis on cucumber cotyledon leaves treated with
metalaxyl
Metalaxyl
concentrations
mg/ml
Sporulation intensity
Replications Aver Rank
I II III IV V
0 (control) 11132 1 , 6 a
5 0 20011 0 , 8 a b c
1 0 0 21110 1 , 0 a b
2 0 0 00101 0 , 4 b c
4 0 0 000000c
8 0 0 000000c
LSD 0,05 = 0,81
Tab. 2 — Sporulation intensity of P. cubensis on developed cucumber leaves treated with
metalaxyl
Metalaxyl
concentrations
mg/ml
Sporulation intensity
Replications Aver Rank
I II III IV
0 (control) 2423 2,75 a
5 0 1231 1,75 ab
1 0 0 2121 1 , 5 a b
2 0 0 0113 1,25 ab
4 0 0 0200 0 , 5b
8 0 0 0012 0,75 b
LSD = 1,44
As expected, the maximum sporulation was determined in control, with
tests on both cotyledons and fully grown leaves.
In cotyledons test, sporulation intensity in treatments with metalaxyl in
concentrations of 50 and 100 g/ml, was statistically on the same level with
control. In tests on fully developed young leaves, sporulation intensity in con-
trol was also on the same level with metalaxyl treatments in concentrations of
50 and 100 g/ml. However, in latter decreased sensitivity was also determi-
ned in concentration of 200 g/ml.
Treatments with metalaxyl in concentrations of 400 and 800 g/ml on
cotyledon leaves completely disabled sporulation of the pathogen, while in
tests on developed leaves sporulation was signicifinantly lower than the one in
control.
DISCUSSION
Cucumber downy mildew, in our conditions, presents very destructive di-
sease against which a large number of fungicide treatments are performed
every year. Since cucumber harvest is continuous during vegetation, it is
necessary to undertake integral measures of protection in order to reduce the
number of fungicide treatments (B a l a ÿ et al., 2006). Required treatments
144should be carried out using effective fungicides and it is essential to utilize
high quality application technique (B a l a ÿ et al., 2007). Due to a large num-
ber of treatments and high reproductive capacity of P. cubensis, a risk of de-
creased sensitivity, i.e. resistance to systemic fungicides is always present.
This especially includes fungicides which have relatively narrow mode of ac-
tion on pathogen's metabolism.
Results on decreased sensitivity of P. cubensis have been published by
U r b a n and L e b e d a (2006), who determined that fungicides fosetyl Al
and metalaxyl are less effective in cucumber downy mildew control, while
propamocarb is still highly efficient.
Similar results were gained in our research, in which it was determined
that even after the treatment with metalaxyl in concentration of 200 g/ml
(which represents the amount of active ingredient which is used in practice,
U r b a n and L e b e d a, 2006) parasite still sporulates on developed leaves.
Based on these experiments, it can be concluded that metalaxyl, in given con-
centration is not effective enough agaist P. cubensis population from Ratkovo.
Also, alarming fact is that parasite sporulated with low intensity on developed
leaves, even after the treatments with metalaxyl in concentrations of 400 and
800 g/ml.
For more complete insight in sensitivity level of P. cubensis to metalaxyl,
it is necessary to test more isolates from a large number of localities. Also,
these trials should include other active ingredients such as fosetyl Al and
azoxystrobin, which are widely used in our conditions and for which reduced
efficacy was also detected in some other countries (B r o w n et al., 2004;
H a n et al., 2005).
These investigations are essential for healthy and safe human consump-
tion of cucumber fruits and also for the possibility of exporting these products
into the countries of European Union.
CONCLUSION
In this research, reduction in sensitivity of Pseudoperonospora cubensis
isolates from Ratkovo to metalaxyl has been determined. In order to produce
cucumber which is healthy and safe for human diet, as well as to achieve hig-
her fungicide efficacy in cucumber powdery mildew control, it is necessary to
adapt integral measures for disease control and to use highly effective fungi-
cides with favorable ecotoxicological characteristics and short waiting period.
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Rezime
Plamewaåa krastavca u našim uslovima predstavqa izuzetno destruktivno
oboqewe, protiv kojeg se svake godine preduzme veãi broj hemijskih tretmana.
Pošto je berba krastavca tokom vegetacije kontinuirana, neophodno je preduzi-
mawe integralnih mera zaštite u ciqu smawewa broja hemijskih tretmana. Ne-
ophodne hemijske tretmane je potrebno izvesti sa efikasnim fungicidima i
potrebno je voditi raåuna o kvalitetnoj tehnici aplikacije. Usled velikog bro-
ja tretmana i velike reproduktivne sposobnosti parazita postoji rizik od po-
jave smawene osetqivosti, odnosno rezistencije Pseudoperonospora cubensis na-
roåito prema sistemiånim fungicidima koji imaju relativno uzak spektar de-
lovawa na metabolizam parazita. U radu je ispitan nivo osetqivosti prouzro-
kovaåa plamewaåe krastavca P. cubensis, izolata iz Ratkova, prema metalaksilu
primewenom u koncentracijama 50, 100, 200, 400 i 800 g/ml. Test je izveden na
kotiledonim i razvijenim listovima krastavca sorte Haroš. Utvrðena je sma-
wena osetqivost metalaksila u koncentracijama od 50, 100 i 200 g/ml.S p o r u l a -
cija je na razvijenim listovima utvrðena i u koncentracijama 400 i 800 g/ml.
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